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7UDQVSRUW SKHQRPHQD DURXQG EOXII ERGLHV DUH VXEMHFWV RI JUHDW LPSRUWDQFH LQ SUDFWLFDO DV ZHOO DV WKHRUHWLFDO
DVSHFWV IRUPDQ\ \HDUV 3UDFWLFDO SUREOHPV OLNH FRROLQJ RI HOHFWURQLF HTXLSPHQW WKHUPDO H[SRVXUH RI IRRGVWXIIV
KHDWH[FKDQJHUV\VWHPV LQ LQGXVWULHVHWFDUHFRPPRQO\HQFRXQWHUHG$JRRGDPRXQWRIDQDO\WLFDODQGQXPHULFDO
VWXGLHVGHVFULELQJ IORZDQG KHDW WUDQVSRUW SURSHUWLHVRI FLUFXODU F\OLQGHU LQ WKH IORZ ILHOGRI DLUZDWHU DQGRWKHU
FRPPRQO\HQFRXQWHUHG IOXLGVKDYHEHHQGHYHORSHGGXH WR WKHLU DPSOHDSSOLFDWLRQV LQ WKHSURFHVV LQGXVWULHV7KH
FRQYHFWLYHKHDWWUDQVIHUSKHQRPHQDFDQEHVHHQLQWKUHHUHJLPHVRIQDWXUDOIRUFHGDQGPL[HGFRQYHFWLRQ,QQDWXUDO
FRQYHFWLRQ KHDW WUDQVIHU WDNHV SODFH E\ IOXLG PRWLRQ FUHDWHG E\ GHQVLW\ GLIIHUHQFH GXH WR WHPSHUDWXUH JUDGLHQW
ZLWKLQWKHGLIIHUHQWUHJLRQVLQWKHIOXLGPHDQVWKHEXR\DQF\LQGXFHGIORZILHOGGXHWRWHPSHUDWXUHJUDGLHQWLVRQO\
WKHPDLQUHDVRQEHKLQGKHDWWUDQVIHU,QFRQWUDVWWRQDWXUDOFRQYHFWLRQRYHUDOOKHDWWUDQVIHUUDWHLQIRUFHGFRQYHFWLRQ
LV HQWLUHO\ FRQWUROOHG E\ WKH YHORFLW\ RI LPSRVHG IORZ0L[HG FRQYHFWLRQ FRQGLWLRQ DULVHV ZKHQ IUHH DQG IRUFHG
FRQYHFWLRQ FRQWULEXWHV LQ FRPSDUDEOH SURSRUWLRQV 7KH 5LFKDUGVRQ QXPEHU 5L LV YHU\ XVHIXO LQ GHVFULELQJ WKH
GLVWLQFWLRQ EHWZHHQ WKHVH WKUHH FRQYHFWLRQ FRQGLWLRQV DV 5L UHSUHVHQWV WKH FRPSDUDWLYH HIIHFWLYHQHVV RI WKH
EXR\DQF\LQIOXHQFHGDQGH[WHUQDOO\HQIRUFHGIORZ7KXVYHU\VPDOOYDOXHVRI5LFKDUGVRQQXPEHULH5LYHU\FORVH
WR ]HUR UHSUHVHQW WKH SXUH IRUFHG FRQYHFWLRQ VLWXDWLRQVZKLOH5LĺGHQRWHV WKH SXUH QDWXUDO FRQYHFWLRQ UHJLPH
)LQLWHYDOXHVRI5L UHSUHVHQW WKHPL[HG FRQYHFWLRQ UHJLPHZKHUHERWKEXR\DQF\LQGXFHG DQG H[WHUQDOO\LPSRVHG
IORZVFRQWULEXWHIRUKHDWWUDQVIHU
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FDXVHHURVLRQ7KHUHLVDOVRDSUREOHPRIVHWWOLQJGRZQRIVXFKODUJHSDUWLFOHV6XVSHQVLRQVRISDUWLFOHVKDYLQJVL]H
LQ QDQRPHWHU VKRZ H[WUDRUGLQDU\ KHDW WUDQVIHU SURSHUWLHV DQG WKHVH VXVSHQVLRQV DUH PRUH VWDEOH DQG PRUH
KRPRJHQHRXV LQ QDWXUH 1DQRIOXLGV DUH WKRVH LQ ZKLFK QDQRVFDOH SDUWLFOHV DUH VXVSHQGHG LQ WKH EDVH IOXLG OLNH
ZDWHUJO\FROHWF$PRVWDWWUDFWLYHSURSHUW\WKDWQDQRIOXLGVVKRZLVWKDWHYHQLIVPDOODPRXQWRIQDQRSDUWLFOHVDUH
DGGHG WREDVH IOXLG WKH\ VKRZH[FHSWLRQDOHQKDQFHPHQW LQKHDW WUDQVSRUWSURSHUWLHV VHYHUDO WLPHVPRUH WKDQ WKDW
ZDV H[SHFWHG WKHRUHWLFDOO\ 5HFHQW VWXGLHV KDYH WKRURXJKO\ GLVFXVVHG WKH HQKDQFHG KHDW WUDQVIHU FDSDELOLWLHV RI
QDQRIOXLGV DQG VXJJHVW WKHLU DSSOLFDWLRQ LQ KHDW WUDQVIHU HTXLSPHQW $V D EULGJH EHWZHHQ FXWWLQJ HGJH
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>@ VWXGLHGPL[HG FRQYHFWLRQ KHDW WUDQVIHU IURP LVRWKHUPDO KRUL]RQWDO F\OLQGHUV DQG FODVVLILHG WKHLU H[SHULPHQWDO
GDWD LQ IRXU FDWHJRULHV EDVHG RQ5LFKDUGVRQ QXPEHU 5L )RU 5L WKH KHDW WUDQVIHUPHFKDQLVPZLOO EH
PDLQO\IRUFHGFRQYHFWLRQ)RU5LWKHPDMRUKHDWWUDQVIHUZLOOWDNHSODFHE\IRUFHGFRQYHFWLRQEXWKHUHWKH
YDOXHVRIWRWDOKHDWWUDQVIHUFRHIILFLHQWVLJQLILFDQWO\DIIHFWHGE\QDWXUDOFRQYHFWLRQ)RU5LWKHRYHUDOOKHDW
WUDQVIHU LV WDNLQJ SODFH E\ DOPRVW HTXDO FRQWULEXWLRQV RI IUHH DQG IRUFHG FRQYHFWLRQ 7KH QDWXUDO FRQYHFWLRQ
SUHGRPLQDWHV WKH WRWDOKHDW WUDQVIHU IRU5L!6ULQLYDVHWDO >@ LQYHVWLJDWHGQXPHULFDOO\FRPELQHGHIIHFWRI IUHH
DQG IRUFHG FRQYHFWLRQ IURPDQ LVRWKHUPDOO\ KHDWHG FLUFXODU F\OLQGHU LQ WKH VWHDG\ VWDWH UHJLPH IRUZLGH UDQJHRI
SRZHUODZLQGH[Q3UDQGWOQXPEHU3UDQG5H\QROGVQXPEHU5H7KH\IRXQG
WKDWDYHUDJH1XVVHOWQXPEHUVKRZVDSRVLWLYHGHSHQGHQFHRQ5HDQG5LEXWDFRQWUDU\GHSHQGHQFHRQSRZHUODZ
LQGH[ 6DQWUD HW DO >@ GRQH QXPHULFDO DQDO\VLV RQ KHDW WUDQVIHU GXH WR ODPLQDU IORZ RI &X+2DQG$O2+2
QDQRIOXLGEHWZHHQWZRSDUDOOHOSODWHVPDLQWDLQHGDWHTXDOWHPSHUDWXUHVIRU5H\QROGVQXPEHU5HDQG
QDQRSDUWLFOH YROXPH IUDFWLRQVLQ WKH UDQJHĭ6DUNDUHW DO >@KDYHQXPHULFDOO\JLYHQ WKH V\PPHWULF
YRUWLFLW\GLVWULEXWLRQRQFLUFXODUF\OLQGHUVLQFURVVIORZIRUGLIIHUHQWYROXPHIUDFWLRQVRIZDWHUEDVHGQDQRIOXLGVLQ
WKH UDQJHĭ5H\QROGV QXPEHU 5H  DQG3U   7KH DLGHG DQG RSSRVHGEXR\DQF\ HIIHFW
FRQVLGHUHGLQUDQJHRI 5LDQGUHSRUWHGWKDWWKHYRUWH[IRUPDWLRQH[KLELWVV\PPHWULFZDNHFKDUDFWHULVWLFV





FRQILJXUDWLRQ DV VKRZQ LQ )LJXUH 7KH QRQ1HZWRQLDQ SRZHUODZ JRYHUQHG VKHDUWKLQQLQJ $O2ZDWHU EDVHG
QDQRIOXLGIORZVIURPWKHERWWRPWRWRSDQGHQWHUVWKHIORZGRPDLQZLWKDFRQVWDQWYHORFLW\9DWWHPSHUDWXUH7
7KHFLUFXODUF\OLQGHU LVNHSWDW DKLJKHUFRQVWDQW WHPSHUDWXUH7V !77KHFLUFXODUF\OLQGHU LV IL[HGDWXSVWUHDP
GLVWDQFH/XDQGGRZQVWUHDPGLVWDQFH/GDQGLQEHWZHHQWKHYHUWLFDOZDOOVVHSDUDWHGDWGLVWDQFH:
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7KH JRYHUQLQJ HTXDWLRQV ZLWK VXLWDEOH ERXQGDU\ FRQGLWLRQV ZHUH VROYHG E\ )/8(17  EDVHG RQ
FRPSXWDWLRQDOIOXLGG\QDPLFV&)'DQGVWUXFWXUHGTXDGULODWHUDOJULGZHUHIRUPHGXVLQJPHVKJHQHUDWLQJVRIWZDUH
*DPELW6HPLLPSOLFLWPHWKRGIRUSUHVVXUHOLQNHGHTXDWLRQV6,03/(DOJRULWKPLVXVHGIRUGHFRXSOLQJRISUHVVXUH
DQG YHORFLW\ DQG WKH TXDGUDWLF XSVWUHDP LQWHUSRODWLRQ IRU WKH FRQYHFWLYH NLQHPDWLFV 48,&. VFKHPH IRU
GLVFUHWL]LQJFRQYHFWLYHWHUPVLQERWKPRPHQWXPDQGHQHUJ\HTXDWLRQV*UDYLW\LVWDNHQLQQHJDWLYH\GLUHFWLRQGXH
123 Abhipsit Kumar Singh et al. /  Procedia Engineering  127 ( 2015 )  118 – 125 







5H 5L 3UHVHQW 6ULQLYDVHWDO>@ %DGU>@ :RQJHWDO>@
     
     
     
     
     





















124   Abhipsit Kumar Singh et al. /  Procedia Engineering  127 ( 2015 )  118 – 125 
,VRWKHUPFRQWRXUV
7KH LQIOXHQFH RI 5LFKDUGVRQ QXPEHU DQG VROLG YROXPH IUDFWLRQ RQ LVRWKHUP SDWWHUQV LQ DLGLQJEXR\DQF\
FRQILJXUDWLRQKDYHEHHQSUHVHQWHGLQ)LJXUHIRU5H 5L DQGQDQRSDUWLFOHYROXPHIUDFWLRQĭ 
  )RU DOO YDOXHV RIĭ DV WKH5L LQFUHDVHV IURP WR  LH IURPSXUH IRUFHG FRQYHFWLRQ FRQGLWLRQ WR
PL[HG FRQYHFWLRQ VLWXDWLRQ WKH VWHHSQHVV DQG FRPSDFWQHVV RI LVRWKHUPDO OLQHV LQFUHDVHV 7KH ZDNH VL]H DQG








$O2 QDQRSDUWLFOH YROXPH IUDFWLRQ LQ WKH ZDWHU EDVH IOXLG $V ZH NQRZ WKDW WKH WKHUPDO FRQGXFWLYLW\ RI



















125 Abhipsit Kumar Singh et al. /  Procedia Engineering  127 ( 2015 )  118 – 125 
&RQFOXVLRQV
+HDW WUDQVIHU HQKDQFHPHQW LQPL[HG FRQYHFWLRQ UHJLPH GXH WR FURVVIORZ RI DOXPLQDZDWHU QDQRIOXLG SDVW DQ
LVRWKHUPDO KRUL]RQWDO F\OLQGHU LQ D YHUWLFDO FKDQQHO IRU DLGLQJ EXR\DQF\ FRQILJXUDWLRQ KDV EHHQ VWXGLHG IRUZLGH
UDQJHRIFRQGLWLRQVDVIROORZV5H 5L DQGĭ 7KHVWHHSQHVVDQGFRPSDFWQHVVRIWKH
LVRWKHUPDO OLQHV LQFUHDVH IRU DOO YDOXHVRI LQFUHDVLQJ5Hĭ DQG5L7KH DYHUDJH1XVVHOW LQFUHDVHVZLWK5H\QROGV
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